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Experimental Section
All manipulations were carried out in the absence of water and dioxygen using standard Schlenk or glovebox techniques under a dinitrogen atmosphere. Acetonitrile, tetrahydrofuran, diethyl ether, dichloromethane, toluene, benzene, and petroleum ether were deoxygenated and dried by thorough sparging with N 2 gas followed by passage through an activated alumina column. Ethanol was distilled under vacuum after stirring over NaOEt for 24h. Non-halogenated solvents were tested with a standard purple solution of sodium benzophenone ketyl in tetrahydrofuran in order to confirm effective oxygen and moisture removal. {(NBD)RhCl} 2 and {(CO) 2 RhCl} 2 were purchased from Strem Chemicals and used without any further purification. Elemental analyses were carried out at Desert Analytics, Tucson, Arizona. NMR spectra were recorded at ambient temperature on Varian Mercury 300 MHz, Joel 400 MHz, and Anova 500 MHz spectrometers, unless otherwise noted.
1 H and 13 C NMR chemical shifts were referenced to residual solvent. 31 P NMR, 11 B NMR, and 19 F NMR chemical shifts are reported relative to an external standard of 85% H 3 PO 4 , neat BF 3 ·Et 2 O, and neat CFCl 3 respectively. IR spectra were recorded on a BioRad Excalibur FTS 3000 spectrometer controlled by Win-IR Pro software. MS data for samples were obtained by injection of a hydrocarbon solution into a Hewlett Packard 1100MSD Mass Spectrometer (ES + ) or an Agilent 5973 Mass Selective Detector (EI). Deuterated solvents were degassed and dried over activated 3-Å molecular sieves prior to use.
(CH 3 ) 2 N(BH 3 )CH 2 Li·(THF), 1: In a 200 mL round bottom flask, a solution of 1.6 M n-butyllithium in hexanes (85.7 mL, 0.137 mol) was added portion-wise to a stirring solution of H 3 B·NMe 3 (10g, 0.137mol) dissolved in THF (20 mL) at room temperature. Addition was complete after 5 min and the solution was allowed to stir for 5 h. Concentration of the reaction solution in vacuo to 50 mL resulted in precipitation of 1. The reaction solution was decanted from the solid product, which was then washed with petroleum ether (3 x 40 mL), and dried in vacuo affording spectroscopically pure 1, (9.2 g, 44%). The mother liquor was concentrated to further yield a second crop of 1 (3.2 g). The total isolated yield was 12.4 g (60 %). (CH 3 ) 2 N(BH 3 )CH 2 Li·(THF) (405 mg, 2.6 mmol) in toluene (6 mL) at room temperature. The addition was complete after 5 minutes and the reaction was stirred for an additional 6 h. Removal of the volatiles in vacuo afforded an oily residue. The oily residue was taken up in 5 mL Et 2 O and filtered through Celite to remove LiCl. Upon the addition of TMEDA (350 mg, 3 mmol), [2] [Li(TMEDA) 2 ] precipitated from the ether solution as a white solid. The solid was isolated via filtration on a sintered glass frit, washed with petroleum ether (3 x 10 mL), and dried in vacuo affording analytically pure [2] [Li(TMEDA) 2 ], (510 mg, 69%). X-ray quality crystals were grown via petroleum ether diffusion into a benzene solution.
1
H NMR (C 6 : C, 65.72; H, 11.77; N, 15.33. Found: C, 65.38; H, 11.69; N, 15 : C, 71.11; H, 11.94; N, 9.57. Found: C, 70.98; H, 11.90; N, 9.38 : C, 63.05; H, 7.20; N, 5.88. Found: C, 62.85; H, 7.18; N, 5.53 . 4 mmol) in toluene (2 mL) was added drop-wise to 1 (1.0 g, 6.6 mmol) in toluene (6 mL). The addition was complete after 5 min. The reaction was allowed to stir for 6 hours then the LiCl was removed via filtration through Celite on a sintered glass frit. Removal of toluene in vacuo afforded spectroscopically pure material (1.04 g, 95.5%).
1 H NMR (CDCl 3 , 300 MHz): δ 7.75 (m, 4H, ortho-Si (C 6 . Solid 6·BH 3 (0.6 g, 1.84 mmol) and solid DABCO (4.5 g, 40.2 mmol) were suspended in toluene in a 250 mL heavy-walled glass reaction vessel sealed with a Teflon cap and heated to 110 ºC for 24 h. The toluene was removed in vacuo and the excess DABCO reagent was recovered by sublimation at 60 ºC. 6 was extracted into petroleum ether (3 x 5 mL) and yielded a white solid upon drying in vacuo (0.504g, 92% Ph 2 B(CH 2 NMe 2 ) 2 Rh(CO)(PPh 3 ), 9: PPh 3 (13.5 mg, 0.052 mmol) in THF (1 mL) was added drop-wise to a solution of 5 (11.3 mg, 0.026 mmol) in THF (1.5 mL). After stirring vigorously for 30 min the remaining solvent was removed in vacuo to produce an amber solid. The solids were washed with petroleum ether and dried in vacuo to afford analytically pure material (16.8 mg, 96% 1,3-bis-(2,6-diisopropylphenyl) imidazole-2-ylidene), 10: A solution of 2,6-diisopropylphenylimidazolylidene (50.2 mg, 0.128 mmol) was added dropwise to a solution of 5 (56.5 mg, 0.128 mmol) in THF (1.5 mL). After stirring vigorously for 1 h the remaining solvent was removed in vacuo to produce a brown solid. The solids were washed with petroleum ether and dried in vacuo to afford analytically pure material (89 mg, 86% C, 68.65; H, 8.27; N, 6.96. Found: C, 68.19; H, 8.68 ; N, 7.08.
Ph 2 B(CH 2 NMe 2 ) 2 Rh(PMe 3 ) 2 , 11: PMe 3 (8 mg, 0.104 mmol) in benzene (0.5 mL) was added drop-wise to a solution of 4 (25 mg, 0.052 mmol) in benzene (1.5 mL). After stirring vigorously for 30 min the remaining solvent was removed in vacuo to produce a yellow solid. The solids were washed with petroleum ether and dried in vacuo to afford analytically pure material (26 mg, 92% (20.2 mg, 0.043 mmol) in THF (1 mL) was added to a stirring solution of 6 (26 mg, 0.087 mmol) and TlPF 6 in THF (2 mL) at room temperature. After stirring for 2h, the TlCl was removed via filtration through a Celite plug whereupon the solvent was removed in vacuo. The solids were washed with petroleum ether (3 x 1.5 mL) and dried in vacuo to afford analytically pure material (26.4 mg, 95% (200 mg, 0.69 mmol) in EtOH (2 mL). The mixture was stirred vigorously and heated to 40 ºC for 7 days to complete the salt metathesis, which was judged complete by 1 H NMR. A stoichiometric equiv of LiBr was isolated. The EtOH solution was evaporated to dryness to leave a white solid. The solid was extracted into benzene and filtered through a Celite plug to remove LiCl salts. The solvent was removed in vacou to afford 14. Given that this protocol required several days to go to completion, an alternative route to the target complex was preferred. Method B: KOC(CH 3 ) 3 (55 mg, 0.5 mmol) in 0. : C, 75.89; H, 11.27; N, 10.21. Found: C, 75.80; H, 11.43; N, 10.22 .
Hydrogenation of styrene using 12: Complex 12 (1.0 mg, 0.0021 mmol) was dissolved in 100 µL of C 6 D 6 . Styrene (45.3 µL, 0.4 mmol) was diluted with 600 µL of acetone-d 6 . 15 µL of the catalyst solution was added to the acetone solution of styrene. The combined solution was added to an NMR tube and sealed with a rubber septum. Hydrogen (1.0 mL, 0.5 mmol) was transferred via syringe into the NMR tube over a period of 5 minutes so as to allow the pressure to equalize by hydrogen dissolution. The NMR tube was shaken vigorously and the production of ethylbenzene was monitored via 1 H NMR. After 2.6 h, 50% of the styrene has been converted to ethylbenzene to provide a TOF of 188 mol product/ mol catalyst/ h. (1) 7457 (2) 8419 (1) 1082 (1) 20(1) N (2) 7951 (2) 6546 (1) 619 (1) 20 (1) B 4913 (2) 7108 (1) 1187 (1) 19(1) C (1) 3714 (2) 7313 (1) 342 (1) 19(1) C (2) 3420 (2) 6621 (1) -289 (1) 21(1) C (3) 2347 (2) 6794 (1) -988(1) 24(1) C (4) 1496 (2) 7681 (1) -1070(1) 24(1) C (5) 1712 (2) 8377 (1) -448 (1) 23(1) C (6) 2802 (2) 8200 (1) 238 (1) 21(1) C (7) 3581 (2) 6729 (1) 1902 (1) 19(1) C (8) 3437 (2) 5751 (1) 2152 (1) 25(1) C (9) 2247 (2) 5441 (1) 2735 (1) 31 (1) C (10) 1159 (2) 6109 (1) 3095 (1) 27(1) C (11) 1266 (2) 7083 (1) 2872 (1) 25(1) C (12) 2455 (2) 7378 (1) 2287 (1) 23(1) C (13) 5945 (2) 8084 (1) 1561 (1) 20(1) C (14) 6375 (2) 6237 (1) 1088 (1) 20(1) C (15) 6929 (2) 8963 (1) 327 (1) 24(1) C (16) 8596 (2) 9037 (1) 1601 (1) 26(1) C (17) 7707 (2) 6462 (1) -299(1) 26(1) C (18) 9518 (2) 6007 (1) 901 (1) 25(1) ________________________________________________________________________________ (17) 1.475(2) N(2)-C (18) 1.483(2) N(2)-C (14) 1.5134(19) B-C (1) 1.643(2) B-C (7) 1.645(2) B-C (14) 1.652(2) B-C (13) 1.653(2) C(1)-C (2) 1.392(2) C(1)-C (6) 1.405(2) C(2)-C (3) 1.395(2) C(3)-C (4) 1.379(2) C(4)-C (5) 1.378(2) C(5)-C (6) 1.388(2) C(7)-C (8) 1.391(2) C(7)-C (12) 1.396(2) C(8)-C (9) 1.395(2) C(9)-C (10) 1.376(2) C(10)-C (11) 1.373(2) C (11) (1) 12 (1) 24 (1) 20 (1) 1(1) 7(1) -4(1) C (2) 14 (1) 25 (1) 22 (1) 1(1) 6(1) 0(1) C (3) 21 (1) 33 (1) 18(1) -3(1) 6(1) -8(1) C (4) 16 (1) 36 (1) 20 (1) 7(1) 0(1) -4(1) C (5) 15 (1) 26 (1) 28 (1) 5(1) 3(1) 0(1) C (6) 17 (1) 23 (1) 21 (1) 0 (1) 3(1) -1(1) C (7) 13 (1) 26 (1) 17 (1) -2(1) -2(1) -1(1) C (8) 16 (1) 27 (1) 31 (1) 4(1) 6(1) 5(1) C (9) 26 (1) 30 (1) 36 (1) 14 (1) 9(1) 2(1) C (10) 18 (1) 42 (1) 22 (1) 6(1) 5(1) -2(1) C (11) 17 (1) 35 (1) 22 (1) -5(1) 4(1) 2(1) C (12) 20 (1) 24 (1) 25(1) -2(1) 4(1) 0(1) C (13) 16 (1) 24 (1) 19 (1) 1 (1) 3 (1) 2(1) C (14) 15 (1) 25 (1) 20 (1) 0 (1) 5(1) -3(1) C (15) 18 (1) 29 (1) 26 (1) 4(1) 3(1) -4(1) C (16) 19 (1) 30 (1) 29 (1) 0(1) -1(1) -5(1) C (17) 18 (1) 37 (1) 24(1) -1(1) 8(1) -2(1) C (18) 13 (1) 32 (1) 30 (1) -5(1) 3(1) 3(1) ______________________________________________________________________________ (4) 1017 (2) 14(1) C (1) 6419 (3) 6611 (3) 1361 (2) 12(1) C (2) 5808 (3) 5579 (3) 993 (2) 16(1) C (3) 5013 (3) 4781 (4) 1309 (2) 19(1) C (4) 4784 (3) 4974 (3) 2026 (2) 17(1) C (5) 5359 (3) 5985 (3) 2409 (2) 15(1) C (6) 6149 (3) 6768 (3) 2083 (2) 14(1) C (7) 8508 (3) 6569 (3) 1382 (2) 11(1) C (8) 8745 (3) 5199 (4) 1168 (2) 18(1) C (9) 9540 (3) 4385 (4) 1498 (2) 18(1) C (10) 10147 (3) 4908 (3) 2071 (2) 17(1) C (11) 9943 (3) 6253 (4) 2299 (2) 16(1) C (12) 9141 (3) 7061 (3) 1960 (2) 13(1) C (13) 7365 (3) 7247 (3) 142 (2) 12(1) C (14) 7587 (3) 9062 (3) 1263 (2) 13(1) C (15) 9186 (3) 8118(3) -112(2) 16(1) C (16) 7917 (3) 7661(4) -1070(2) 16(1) C (17) 5792 (3) 9831 (3) 855 (2) 15(1) C (18) 7116 (3) 11501 (3) 1243 (2) 17(1) C(19) 8335 ( 
